INTRODUCTION

N
eonates are susceptible to numerous infections. Factors that predispose these patients to nosocomial infections include very low birth weight, small size for gestational age, immunologic immaturity, and exposure to invasive procedures, including insertion of intravascular catheters and assisted ventilation. 1, 2 Stenotrophomonas maltophilia is an opportunistic, gram-negative aerobic bacillus with a high level of intrinsic resistance that is known to cause nosocomial infections. [3] [4] [5] [6] [7] This organism may cause infections of many different systems, including bloodstream infections, urinary tract infections, meningitis, and (most commonly) pneumonia. 3, 6 Since neonatal patients are immunocompromised, infections with S. maltophilia are considered life-threatening in this population. 2, 8 There is very little evidence in the literature indicating the appropriate doses of trimethoprim-sulfamethoxazole required to treat S. maltophilia infections in neonates. This article describes a case in which trimethoprim-sulfamethoxazole was used to treat such an infection, with escalating doses used and tolerated.
CASE REPORT
An infant was born by spontaneous vaginal delivery at 24 weeks gestational age, with birth weight 650 g and APGAR scores of 5 and 7 at 1 and 5 min, respectively.* Rupture of the membranes had occurred 10 days before delivery, and the mother had been treated with oral amoxicillin and erythromycin for 9 days before delivery; she also received 2 doses of betamethasone q24h, started at the same time as the antibiotics, with a third dose given 2 days before delivery.
A plan was made to treat the infant empirically with ampicillin 50 mg/kg per dose IV q12h and gentamicin 5 mg/kg per dose IV q48h 9 for 7 days ( Table 1) . Because of renal compromise noted on day 4 of life (creatinine 93 µmol/L), the gentamicin was discontinued, and cefotaxime 50 mg/kg per dose IV q12h was instituted. On day 7 of life, reddening of the umbilicus was noted, and a partial septic work-up was performed. At that time, the cefotaxime was continued and the ampicillin was changed to vancomycin 15 mg/kg per dose IV q24h. Complete blood count on day 7 of life showed elevation of total leukocytes (23.1 × 10 9 /L) and neutrophils (17.1 × 10 9 /L); antibiotic therapy was therefore continued for 7 more days, for a total duration of 14 days. However, on the day after completion of this antibiotic regimen, the infant appeared hypotonic and lethargic, with increased ventilation requirements and radiographic changes visible in both lungs. Meropenem 20 mg/kg per dose IV q12h was started as treatment for a possible respiratory infection. Culture of endotracheal aspirate obtained the following day (day 15 of life) revealed gram-negative bacilli. Three days later, the organism was determined to be S. maltophilia. A blood sample, obtained after the endotracheal culture grew S. maltophilia, was sterile.
The S. maltophilia growing in the endotracheal tube showed sensitivity to ticarcillin-clavulanate, colistimethate, levofloxacin, and trimethoprim-sulfamethoxazole and resistance to meropenem. Trimethoprim-sulfamethoxazole was chosen for the following reasons: ticarcillin-clavulanate was considered to be less active in vivo than trimethoprim-sulfamethoxazole, colistimethate has shown more nephrotoxicity than trimethoprim-sulfamethoxazole, and the only data for fluoroquinolone use against S. maltophilia were from case reports using ciprofloxacin. 5, 7, 8 *Since the infant described in this case report did not survive, consent was not requested out of sensitivity toward the parents. Potentially identifying demographic characteristics have been omitted from the report.
No literature is available to guide the dose of trimethoprim-sulfamethoxazole to be prescribed for neonates with S. maltophilia infection, although there have been case reports describing the use of this medication for other types of infections in neonates. 10 Therefore, the Pediatric Infectious Disease Service was consulted, and the following regimen was chosen, based on a pharmacokinetic study 11 : loading dose of 3 mg/kg trimethoprim component IV, followed by 1 mg/kg per dose trimethoprim component IV q12h. The expectation was to continue trimethoprim-sulfamethoxazole until 10 days after the first negative result on culture of endotracheal aspirate.
After the first dose of trimethoprim-sulfamethoxazole, the infant's urine output declined to 0.2 mL/kg per hour for 8 h. This change was not considered to be due to the medication, as trimethoprim-sulfamethoxazole would be unlikely to reduce renal function so quickly and the infant had previously experienced variance in renal function. No other antibiotic was added at this time.
After 8 days of trimethoprim-sulfamethoxazole therapy, levofloxacin 10 mg/kg per dose PO q12h was added because of case reports of fluoroquinolones having activity against S. maltophilia 5, 8 ; this antibiotic was continued for the duration of treatment. After 13 days of treatment with trimethoprimsulfamethoxazole, and 5 days of combination therapy with levofloxacin, S. maltophilia continued to grow in the sputum. Clinically, the infant's oxygen requirements had continued to increase. The infant's condition was otherwise stable, with toleration of enteral feeding, which was why the levofloxacin (bioavailability 99% 12 ) was given enterally. The Pediatric Infectious Disease Service reviewed the case again and suggested Trimethoprim-sulfamethoxazole 43 (DOL 41) 5 mg/kg IV q6h Levofloxacin 10 mg/kg IV q12h Vancomycin 15 mg/kg IV q24h Cefotaxime 50 mg/kg IV q6h DOL = day of life when sample was collected for culture or other testing. *Trimethoprim-sulfamethoxazole doses refer to trimethoprim component.
that the dose of trimethoprim-sulfamethoxazole be increased to 3.75-5 mg/kg per dose trimethoprim component IV q6h. This dose was to be adjusted for renal function, as the infant's recent serum creatinine had been as high as 122 µmol/L, with periodic decrease in urine output. The Nephrology Service recommended trimethoprim-sulfamethoxazole 2.5 mg/kg per dose trimethoprim component IV q6h. The Neonatology team chose to be more conservative with dosing of this antibiotic and decided on a dose of 2 mg/kg per dose trimethoprim component IV q6h, starting on day 30 of life. The infant tolerated the increased dose for 12 h, at which point the route was changed from IV to oral at the same dose.
The infant's clinical condition continued to deteriorate, with worsening respiratory disease and little change evident in serial chest radiographs. As the infant's condition worsened, the dose of trimethoprim was progressively increased to a maximum of 5 mg/kg per dose trimethoprim component q6h (Table 1) . Inhaled colistimethate was considered but was not prescribed.
On day 42 of life, after 26 days of trimethoprimsulfamethoxazole treatment, the infant died because of the infection. In the final week of life, the infant had significant hypoxic and hypercapneic respiratory failure resistant to various modes of ventilation and to broad-spectrum antibiotics, surfactant, high-dose hydrocortisone, and dexamethasone. Common causes of neonatal morbidity and mortality, such as intracranial hemorrhage and patent ductus arteriosus, were not evident from diagnostic imaging performed throughout the infant's life.
DISCUSSION
A literature search for information on trimethoprimsulfamethoxazole pharmacokinetics in neonates yielded only one small pharmacokinetic study. 11 It reported the serum half-life in neonates as much longer than that observed in adults, with half-lives of 24.6 h and 23.3 h after repeated doses for the trimethoprim and sulfamethoxazole components, respectively, compared with half-life in adults of 6 to 11 h. 13 In the case reported here, the dosage found to achieve therapeutic concentrations was a loading dose of 3 mg/kg trimethoprim component followed by a maintenance dose of 1 mg/kg trimethoprim component, given q12h. This dosage was determined by inserting the desired therapeutic level into an equation that uses the half-life as determined in the pharmacokinetic study. 11 It should be noted that the pharmacokinetic study described treatment of an outbreak of highly resistant Klebsiella pneumoniae 11 and so may not be directly applicable to treatment of Stenotrophomonas. In the case reported here, the infection persisted after this dosage was instituted; hence, it may not be sufficient for resistant opportunistic pathogens such as S. maltophilia.
The dose of trimethoprim-sulfamethoxazole eventually recommended by the Pediatric Infectious Disease Service (3.75-5 mg/kg per dose trimethoprim component IV divided q6h) is the dose recommended for serious infections such as Pneumocystis in children older than 2 months of age.
14 A high dose of trimethoprim-sulfamethoxazole may be required to treat antibiotic-resistant infections, such as S. maltophilia, in neonates, because of increased volume of distribution. 13 The pharmacokinetic study showed volumes of distribution of 2.7 L/kg and 0.48 L/kg for the trimethoprim and sulfamethoxazole components, respectively. 11 These volumes of distribution are greater than those found in adults, where values of 1.0 L/kg and 0.2 L/kg have been reported for the trimethoprim and sulfamethoxazole components, respectively. 15 In neonates, extracellular fluid accounts for up to 40% of total body water, more than that found in infants at 1 year of age (25%) and twice that of adults (20%). As such, a higher dose is required to achieve therapeutic drug concentrations of trimethoprim-sulfamethoxazole.
Generally, trimethoprim-sulfamethoxazole is not prescribed for newborns because the sulfamethoxazole component increases the risk of hyperbilirubinemia and kernicterus. 16, 17 Although the risks for the patient described here were known, trimethoprim-sulfamethoxazole was chosen on the basis of best evidence for treating infections caused by S. maltophilia. Bilirubin monitoring, performed every few days throughout the treatment period, showed a decrease in bilirubin over time and, consequently, no risk of kernicterus. The infant experienced no other symptoms that were attributed to side effects of trimethoprim-sulfamethoxazole.
The infant described in this case had no evidence of the common causes of neonatal morbidity and mortality, such as intracranial hemorrhage or patent ductus arteriosus. The infant did experience periods of renal insufficiency, but these were considered to have been due to causes other than the use of trimethoprim-sulfamethoxazole, as renal function had varied before initiation of this antibiotic. Some of the risk factors for acquiring S. maltophilia infection in this case included immunocompromise, low birth weight, exposure to an endotracheal tube, and mechanical ventilation, as well as treatment with multiple antibiotics.
CONCLUSIONS
This case emphasizes the need to start antibiotic therapy in neonates at appropriate dosages and highlights the need for studies on neonatal dosing of antibiotics. To our knowledge, there are no reports for trimethoprim-sulfamethoxazole dosages as high as those used in this case; as such, more study of the use of trimethoprim-sulfamethoxazole in this population is required.
